Background: A large proportion of UK children do not reach the recommended levels of physical activity (PA) required for optimum health. Few studies have investigated the psychosocial correlates of objectively measured PA in preadolescents. This study examined child attitudes and parental behaviours as correlates of children's activity. Methods: In total, 278 children (138 boys and 140 girls) aged 7-9 years were recruited as part of the Physical Exercise and Appetite in Children Study (PEACHES). Activity was objectively measured using the Actigraph GT1M accelerometer; the variables were total PA (mean accelerometer counts min À1 ) and moderate and vigorous PA (MVPA) >2000 counts min À1 . Child-focussed variables were self-efficacy (Physical Activity Self-Efficacy scale), physical performance self-concept (Self-Perception Profile for Children), positive and negative outcome expectancies and liking for PA. Parental variables were PA and support for child activity. Results: Significant sex-by-psychosocial outcome interactions were observed for total PA and MVPA, so data from boys and girls were analysed separately. No psychosocial or parental outcomes were correlated with activity in girls. Significant correlates of activity in boys (self-efficacy, self-concept and parental support) were entered in to a hierarchical regression using both total PA and MVPA and, controlling for BMI SD, SES and ethnicity. PA self-efficacy and self-concept were significantly independently associated with total PA, explaining around 12% of the variance. Self-efficacy was significantly associated with time spent in MVPA, also explaining around 12% of the variance in this behaviour. Parental support was not significant in the regression model. Conclusion: PA self-efficacy and self-concept are significant correlates of objectively measured PA in UK boys.
Introduction
R egular physical activity (PA) is important for child health 1 yet few UK children meet the recommended 60 min per day of moderate and vigorous PA (MVPA). 2, 3 PA also declines substantially from childhood through adolescence, with a concurrent increase in overweight and obesity. 4 Understanding the correlates of PA in preadolescent children is an important step towards designing effective interventions to promote activity and prevent the age-related decline. Social Cognitive Theory (SCT) outlines a complex interplay between personal, environmental and behavioural factors. 5 The application of SCT to childhood PA research suggests that psychosocial constructs such as self-efficacy, beliefs about PA, and social support may influence activity behaviour. 6 Indeed reviews of the literature identify a range of psychosocial variables that are significantly associated with childhood PA. [7] [8] [9] However the vast majority of this research has been carried out in US children, and studies using objectively measured activity are less common. [7] [8] [9] Self-efficacy was highlighted as an important correlate of objectively measured MVPA in a sample of 198 US preadolescent boy and girls. 6 Self-efficacy and positive beliefs about PA were significantly higher in a sample African-American 10-12-year olds who met the guidelines for daily MVPA vs. those who did not. 10 Aspects of PA self-perception, such as perceived sport competence, and perceived physical condition were related to self-reported activity in Canadian school children. 11 There is evidence that children's activity preferences (active vs. sedentary activities) 12, 13 and liking for PA 14 can also impact on activity behaviour.
In line with SCT, social support, such as support from parents, has been related to children's PA in a number of studies. [15] [16] [17] The relationship between parent's own activity, and the activity of their child is less clear. In a study of Danish children parent's reported PA levels were significantly associated with accelerometer data from their children, 18 but a study using objective measures in 9-year-old US children reported no relationship between these variables. 19 It is likely that social and cultural influences on child activity differ across countries, 18, 20 and there is little research examining psychosocial correlates of objectively measured activity in children from the UK. The aim of this study was to examine associations between both children's attitudes and parental support and objectively measured PA in a sample of preadolescent UK children.
behaviours, PA and weight in children. All children in school Years 3 and 4 (age 7-9 years) from five schools in the London area were invited to take part in the study (n = 531). Parents of all children in Years 3 and 4 of volunteering schools were issued with information sheets and consent forms. The majority of parents (400 parents; 75%) consented to their children participating. PA data collection was attempted from 345 children (176 boys and 169 girls). Full activity data were obtained for 278 children (80%) (138 boys and 140 girls) due to non-compliance and absentees. There were no differences in demographics between children who provided valid activity data, and those who did not (all P-values > 0.05). Parental support for activity questionnaires were sent to parents by post. Data were available from 175 parents (83 parents of boys; 92 parents of girls), with most (89%) of parental questionnaires were completed by mothers. Children whose parents did not return the parental questionnaires were from significantly lower socio-economic status (SES) groups (P = 0.02) and more likely to be from a 'non-white' ethnic group (P = 0.03). The study was granted ethical approval by the University College London Committee on the Ethics of Non-NHS Human Research.
Measures

Socio-demographic data
Date of birth, sex, ethnicity and postcode for area of residence of the participating children were provided by schools. Ethnicity was coded as 'white' or 'non-white' at the point of analysis in order to maximize statistical power given the relatively small numbers in the 'non-white' sub-groups. Area-level deprivation (Townsend index) 21 was used as an indicator of SES. Townsend values were derived by matching postcodes to UK census data from 1991. The mean Townsend value for the school was imputed where postcodes were missing or for homes built after 1991. This method is consistent with other publications in this sample. 22 
Anthropometry
Weight was measured to the nearest tenth of a kilogram wearing light clothing using a Tanita TBF-300MA Body Composition Analyser (Tanita Corporation, Tokyo, Japan). Height was measured without shoes to the nearest millimetre using a Leicester height measure (SECA, Birmingham, UK). Height and weight were used to calculate body mass index (BMI; weight in kg height À1 in m 2 ), which was then converted into age-and-sex appropriate standard deviation (SD) scores based on British 1990 reference data using the lmsgrowth macro (from http://homepage.mac.com/tjcole).
PA
PA was measured using the Actigraph GT1M accelerometer (http://www.theactigraph.com). The Actigraph is the most widely used accelerometer in paediatric research and has a large body of evidence to support its use in children. 23 In the current study, analyses were carried out with total PA (mean accelerometer counts min
À1
) and time in MVPA (>2000 counts min À1 ) 24 as the outcomes. Children were measured when they were in school Year 4 (age 8-9 years) and Actigraphs were worn around the waist on the right hip. Children were instructed to wear the monitor for 5 consecutive days, including two weekend days, during waking hours only, removing them for swimming and showering/bathing. Activity data were recorded in 1 min epochs and processed using MAHUffe programme: (http://www.mrcepid.cam.ac.uk/ Research/PA/Downloads). Children were considered to have valid data provided the monitor was worn for 3 or more days (with at least 1 weekend day) and a minimum of 600 min of valid data per day were recorded. 25 
Children's attitudes and preferences
Child measures were selected as they were based on SCT, have been previously related to PA in other child studies [7] [8] [9] and were used successfully in 8-9-years-olds in a recent multi-centre study; the Girls Health Enrichment Multisite Study (GEMS). 13 To assess PA self-efficacy, a shortened version of the Physical Activity Self-Efficacy Scale 26 was used, consisting of nine items for which the child indicates how hard it would be to be physically active in a variety of situations (e.g. instead of watching TV). The possible options were: 'very hard', 'a little hard' or 'not at all hard', with higher scores indicating greater self-efficacy. Internal consistency of the original scales range from 0.54 to 0.71, and test-retest reliability for the scales were 0.61-0.82. 26 PA outcome expectancies were assessed using a 17-item scale, which assesses the motivational determinants of PA, based on a previously developed scale, 27 and including eight items referring to positive outcome expectancies (e.g. 'Doing physical activity will be fun') and nine refer to negative outcome expectancies (e.g. 'Doing physical activity will make others tease me'). The response options were 'not true of me', 'sort of true of me' or 'very true of me'. The Athletic Competence subscale from the Self-Perception Profile for Children (SPPC) 28 was used to assess physical performance self-concept; it consists of nine paired statements (e.g. I am good enough at sports vs. I am not good enough at sports) and the child selected the statement that best described them for each pair. Responses are coded as '1' for negative statements and '2' for positive statements, and higher scores indicate greater physical performance self-concept. Reliabilities for the subscales of the SPPC range from 0.73 to 0.84. 28 PA preference was measured by Sherwood et al., 13 which was anglicized for use in an UK sample. It comprises a checklist of active activities (e.g. swimming, cycling) rated for liking using the possible response options of; 'I've never done it', 'Don't like it', 'Like it a little', 'Like it a lot'. Liking for activities tried by at least 75% of the sample were summed. Children completed questionnaires themselves with the one-to-one assistance of a researcher.
Parental measures
Parents reported their own PA using a simple questionnaire. 29 Frequency and duration of three levels of exercise intensity were assessed; mild (slight increase in heart beat e.g. slow walking), moderate (heart beats faster e.g. brisk walking) and strenuous (heart beats rapidly e.g. running). The response options for frequency were: 'never'; 'one to three times a month'; 'one to two times a week'; 'three to four times a week' or 'once a day or more'. In a previous study, this questionnaire was significantly correlated with VO 2max r = 0.35, and could accurately classify VO 2max and body fat (reliability coefficients 0.83-0.85, respectively) in a sample of 306 adults. 29 Parental support for children's PA was assessed using a modified version of the Parent Support Scale developed by Sallis et al., 30 which comprises five items which assess parental encouragement, participation with child in PA, provision of transportation to be physically active, watching child participate in activity, and praise. Frequency of engaging in each of the behaviours during a typical week was rated on a five-point scale with possible response options of: 'never'; 'rarely'; 'sometimes'; 'most days'; 'everyday'. The reported Cronbach's alpha for the Parent Support Scale is 0.78, and test-retest reliability r = 0.81.
Statistical analyses
Sex differences in PA are well known and were apparent in the current sample, with boys significantly more active than girls. 22 Sex-by-psychosocial variable interaction analysis indicated that relationships between the psychosocial and parental outcomes and PA differed significantly between boys and girls (self-efficacy P < 0.001; total negative outcome expectancy P = 0.007; PA self-concept P = 0.015, and parental support P = 0.029) so data were stratified by sex for analysis. Simple correlations and partial correlations adjusted for child age, ethnicity, BMI SD, and whether there was a time lag between Actigraph testing and questionnaire (yes/no), were used to examine associations between psychosocial and parental data and total PA and MVPA. Hierarchical multiple regression with total PA and MVPA as dependent variables, and age, BMI SD, ethnicity and time lag (Step 1) and psychosocial variables that were significantly correlated with total PA and MVPA (Step 2) were carried out. Regression models were carried out in boys only, as there were no significant associations with any psychosocial or parental variable in girls even after adjustment. There was no significant association between BMI SD and PA in this sample of girls as reported in Purslow et al.,
22
Correction for clustering was not appropriate as the number of clusters was small (five schools) and the intraclass correlations between school and MVPA were below the conventional small value of 0.05 (intraclass correlation = 0.04). All data were analysed using SPSS (Version 15; SPSS Inc., Chicago, IL, USA).
Results
Child characteristics for 278 children, (49% boys) with a mean age 8.31 years (SD 0.65) are shown in table 1. Cronbach's alphas for psychosocial scales in PEACHES ranged from = 0.55 to 0.71. Boys scored significantly higher than girls for physical performance self-concept (t = 3.46, P = 0.001), but there were no sex differences in other psychosocial scales. Minutes per day spent in MVPA were significantly higher in boys than in girls (t = 8.28; mean difference 25 min; P 0.001). Total PA was significantly higher in boys that in girls (t = 6.78; mean difference 115 counts min À1 ; P < 0.001).
A number of child psychosocial variables were significantly correlated with one another (in the range of r = 0.25-0.47); tables of correlations are provided as Supplementary Data. Simple and partial correlations between total PA and MVPA and child psychosocial variables are reported in table 2. Self-efficacy, physical performance self-concept, and liking for active activities were significantly positively correlated with total PA and MVPA, and negative outcome expectancies negatively correlated with total PA and MVPA in boys (P all < 0.05), but not in girls (P all > 0.05). Correlations between parental variables and child activity are presented in table 3. Parental support was significantly associated with time spent in MVPA in boys (P < 0.001), but not in girls (P = 0.233). Parent PA was not associated with total PA or MVPA in boys or girls (P all > 0.05).
Hierarchical regression revealed that self-efficacy and self-concept were significantly independently associated with total PA, with these psychosocial variables explaining 12% of the variance; models are presented in table 4. Self-efficacy was the only psychosocial variable that remained significantly 
Discussion and conclusions
This study highlights significant psychosocial correlates of objectively measured PA in preadolescent UK boys. None of the assessed outcomes were associated with PA in girls in this sample. Longitudinal research is required to determine the direction of the relationships between the highlighted psychosocial correlates and PA. In line with a study using objective measures in preadolescent children from the USA, 6 PA was significantly associated with self-efficacy. However, this was significant in boys only in the current sample. Consistently with the majority of the paediatric literature, 3, 31 the girls in our sample were significantly less active than the boys as described in Purslow et al., 22 ; and the lower levels of PA observed in girls may have masked the relationship to some extent. It is also feasible that preadolescent girls accumulate their activity in different way from boys, and the types of questions asked in the questionnaires in the present study may relate more to 'organized' physical activities. PA self-concept was positively related to total PA in boys in our sample. This concurs with previous findings from a study using accelerometers 32 although the lack of effect in girls is notable. It is feasible that social desirability (the tendency to provide responses in line with social expectancies) may exist in PA psychosocial scales in girls, 13 but this was not measured in the current study. There is evidence that psychosocial variables may be related to girls' time in structured PA 33 and information on types of activities performed by the children is not captured by the accelerometer. Self-efficacy can mediate the effects of a PA intervention in girls, 34 and this may not have been captured in the current cross-sectional study. However, it is not uncommon for researchers to report different psychosocial correlates of activity in boys and girls.
Around 12% of the variance in total PA and MVPA was explained by the psychosocial correlates measured in this study. In context, an accelerometer study in Danish children attributed around 10% of the variance in objectively measured activity to socio-cultural factors, 18 and in a US study of preadolescent children $12% of the variance in moderate PA and vigorous PA was explained in a model containing Table 4 Hierarchical regression model examining associations with objectively measured total PA and child psychosocial variables in 138 7-9-year-old boys
Step Unstd. B 95% CI B Adjusted r 2 ; F; P 22 Ethnicity; 'white = 1' or 'non-white =2', and time lag indicates whether questionnaire and activity data were measured at exactly the same time point yes = 1 no = 2. Liking-mean liking for activity activities from a total of 34 pairs. Negative O.S. negative outcome expectancies a: Change from previous step P < 0.05 *P < 0.05 **P < 0.005 6 Parental support has been reported in a number of studies as a significant correlate of activity, 9 and parental support was significantly correlated with MPVA in our sample. However the association was not significant when included in a multivariate model with child psychosocial variables, suggesting that parental support may be mediated partly by effects of their child's attitudes.
Parental PA was not associated with child PA in this study. A relationship has been seen with boys activity in some studies 6, 15 and for both sexes in others, 35 but overall, the relationship between parent and child PA remains equivocal. In this study on the data were retrospective questions about PA habits, which may be less reliable than objective measures. The majority of the questionnaire data (89%) also came from mothers, and it is possible that the relationship between father-child activity is a stronger influence. 36 Future studies should aim to collect objectively measured parent PA.
Strengths and limitations
The main strength of the current study was the use of a validated objective measure of PA in a large sample of preadolescent children from the UK, an understudied group. There are also notable limitations in this study. Accelerometers may underestimate certain activities, for example swimming and cycling. There is also lack of consensus of the most appropriate accelerometer cut-point to define MVPA. In the current study, a pragmatic decision was taken to use the cut point of >2000 counts min À1 as used by Anderson et al., 24 , in line with a previous publication from our group. 22 However some other studies have used thresholds of 3000-3600 counts min À1 , 37 and the use of the 2000 cut point may overestimate MVPA to some extent. Use of a different cut point for MVPA can have a significant impact on findings. 38 However, we carried out the analysis using our cut point for 'vigorous' activity; 4000 counts per minute, and the results did not change (data not presented).
The cross-sectional nature of the current study does not allow the direction of the relationships to be confirmed. It is likely that the relationships are complex; for example, parental support can act directly, as well as indirectly through its effect on self-efficacy. 17 Maintenance of family support may help prevent the reduction in decline in PA in girls. 16 and an intervention to target self-efficacy in girls led to increases in activity. 39 These associations would not have been captured in the current cross sectional study. We used questionnaires that had been validated in a slightly older age group, and due to time constrictions did not collect reliability data in our sample. However, researchers were present to assist children with completion of questionnaires on a one-to-one basis, and Cronbach's alphas for psychosocial scales in our study were comparable to those obtained in the Girls Health Enrichment (GEMS) sample ( = 0.67-0.72). 13 The use of data from the 1991 census may have reduced validity of our SES data, however at present, the most up to date census data have not been converted to Townsend Index scores. We also wished to remain consistent with our previous publications from PEACHES which have used the 1991 census data. In the current study there were SES and ethnic differences between parents who returned the parental questionnaires and those who did not, therefore the sample with parental data may not be representative. Where the analyses are based on parental data, the sample size is smaller, and therefore may not be powered fully to detect very subtle relationships.
Conclusion
The current study suggests that self-efficacy and self-concept are independently associated with objectively measured total PA and that self-efficacy is significantly associated with MVPA preadolescent boys. None of the factors assessed in this study were significantly associated with objectively measured PA in girls and further research is required to identify psychological correlates of activity in this important group.
Supplementary Data
Supplementary Data are available at Eurpub online. SES-socioeconomic status as measured by Townsend Index from 1991 census data. BMI SD; body mass index standard deviation score relative to the 1990 UK reference data. Associations between BMI and PA in this sample have been described in detail in Purslow et al. 22 Ethnicity; 'white = 1' or 'non-white = 2', and time lag indicates whether questionnaire and activity data were measured at exactly the same time point yes = 1 no = 2. Liking-mean liking for activity activities from a total of 34 pairs. Negative O.S., negative outcome expectancies a: Parental support data were available for n = 83 boys only b: Change from previous step P < 0.05 *P < 0.05 **P < 0.005
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